
i-4

I -

Haemopoiesis in the
beagle foetus after
in utero irradiation

S. R. Weinberg
Q T. J. MacVittie

R- A. C. Bakarich
M. P. McGarry

':'--";"Cf

E
DEFENSE NUCLER A E ,V

I L IARMED FORCES RADIOBIOLOGY RESEARCH INSTITUTE
BETHESDA. MARYLAND 2081i

APPROVED FOR PUBLIC RELEASE Z'IS7R IBU7 N 7V- TEy



REVIE D AND APPROf/ED

THOMAS J. MACVITTIE, Ph.D.
Chairman
Experimental Hematology Department

LAWRENCE S. M, ERS, Ph..-
Scientific Director

BO B~R. ADCOCK
gL, MS, USA
irector

Research wa conducted accoidirg to te prcijles enA=eed e
Guide for the Care and Use ol Laborstor- ..- a " -e,

1nstute of Laboratorv Animal Resmur-e, I-a:i:al ? ea c-urnc..



0 F.

UNCLASSIFIED
SECURITY CLASSIFICATION OF THiIS PAGE (When Date Entfered)__________________

REPOT DCUMNTATON AGEREAD INSTRUCTIONSREPOR DOCMENTTIONPAGEBEFORE' COMPLETING FORM
1. REPORT NUMBER 2.GVT ACCESSION No. 3. RECIPIENT'S CATALOG NUMBER

AFRRI SR83-33 1..Z All2
4. TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOD COVERED

HAEMOPOJESIS IN THE BEAGLE FOETUS AFTER
IN UTERO IRRADIATION ___________

6, PERFORMING ORG. REPORT NUMBER

7. AUTNOR(s) 8. CONTRACT OR GRANT NUMBER(s)

S. R. W einberg, T. J. MacVittie, A. C. Bakarich and

M. P Mc~rry*(cont. on reverse)
*9. PERFORMING ORGANI ZATION NAME AND ADDRESS W0. PROGRAM ELEMENT. PROJECT, TASK

* .Armed Forces Radiobiology Researtch institutte (AFRRI) AREA & WORK UNIT NUJMBERS

* .Defense Nuclear Agency NWED QAXM
Bethesda, Maryland 20814 MJ 00030

11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

Director December 1983
* .Defense Nuclear Agency (DNA) t3. NUMBER OF PAGES

Washington, DC 20305 1
-14. MONITORING AGENCY NAME & ADDRESS(il diffeent from Controlling Office) is. SECURITY CLASS. (of this report)

UNCLASSIFIED

15a*. DCLASSIFICATION'DOWNGRADING
SCHEDULE

16. DISTRIOUTION STATEMENT (of cli, Report)

Approved for public release; distribution unlimited.

17. OIS5TRIlOUYION STATEMENT (0of 11c b.Illct entcered inc Illoeh 10, It 111(pIreftt f'04c1 Roport)

* . 1g. SUPPLEME:NTARY N0Ok

Published in liltertn t onni Journal of Ritnaltion Iliology 44(4)..367-375, 1983.

11 K EY WORDS (C%,annuoti -ac Ic c cciI f c . A id wt,l ic fwj h, f0- t.. 0ciec c

foetal liein opoi esis, benaghc, irradiat ion

On (lay :1:1 of lt foetzil lbengles -ee irrandiated in utero (0.9i- o 6 1 o

lri'ndi t ion, 0-4 (cm0. Footil Imhenifitoeytopolesi kwa~q si udied during the third
trimester of gestnt ion (day% 42-55). Peripheral blIoodi nuelented tcell counlts were 33 potr
Cent lower thfil nlormal onl dat *14 find ooni nued to bo lower until day 49, when values

- . hbeci me higher than tiortml. .Spk-nlc vellultiri t ls of irtradiated j)upz on doy 414 were tflCPC
than 3 t imes ttvwe o~f the zionirraldlated, but therenfter they were sim'iilar' to nor~mal.

~ T CL SIIICA t.0PN Ir THIS P. A~e, C14hrcca. f## t,*ntood



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE(When Dat. Efnteed)

7. AUTHORS (continued)

*from Springville Laboratory, Roswell Park Memorial Institute, New York State
Department of' Health, Buffalo, New York

- .20. ABSTRACT (cortinued)

Differences in haemopoietic progenitor cell activity between irradiated and normal
foetuses were observed. In comparison with the other foetal tissues, the foetal liver
appeared to experience greater radiation injury. For example, on day 44, the irradiated
liver BFU-E, CFU-e, and GM-CFC per 105 cells were almost fivefold lower than normal
values. Spleens of irradiated foetal beagles contained a marked increase in all
haemopoietic progenitor cells (BFU-E, CFU-E, and GM-CFC) and recognizable prolifera-
tive granulocytic cells and nucleated erythroid cells. The haemopoietic activity of the
irradiated bone marrow during days 42-44 was similar to that of the irradiated spleen,
and compensated for the damaged liver. However, unlike the irradiated spleen, the
irradiated bone marrow had decreased BFU-E activity compared with the "- 1ues for the
nonirradiated bone marrow during days 48-55. Until day 50, the irradiated marrow
contained fewer recognizable proliferative granulocytic cells but more nucleated
erythroid cells.

Aocession For
IVTIS OBA&t
DTIC TAB

-UZncuno un e d [
Justifioatien- -

Distribution/

Availnbilty Codes
Avntl and/or

Dint spocial

____-_____UNCLJASSIFIE;D

QSCURITY CLA$SIIVCAIOiW OF V-11 PAGEN.htn bUat bgiteted)



INT. j.RALITAT. Hmt., 1983, VOL. 44, No. 4, 367-375

Haemopoiesis in the beagle foetus
after in utero irradiation

S. R. WEINBERG, T. J. MACVITTIE, and A. C. BAKARICH
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Institute, Bethesda, Maryland

M. P. McGARRY

Springville Laboratory, Roswell Park Memorial Institute, New York State
Department of Health, Buffalo, New York

(Received 3 February 1983; revised 31 May 1983; accepted 2 June 1983)

On day 33 of gestation, foetal beagles were irradiated in utero (0-9 Gy of 'Co y-
irradiation, 0-4 Gy/min). Foetal heematocytopoiesis was studied during the third

1.-. trimester of gestation (days 42-S5). Peripheral blood nucleated cell counts were
33 per cent lower than normal on day 44 and continued to be lower until day 49,
when values became higher than normal. Splenic cellularities of irradiated pups
on day 44 were more than 3 times those of the nonirradiated, but thereafter they
were similar to normal. Differences in haemopoietic progenitor cell activity
between irradiated and normal foetuses were observed. In comparison with the

- other foetal tissues, the foetal liver appeared to experience greater radiation
injury. For example, on day 44, the irradiated liver BFU-E, CFU.E, and GM-
CEC per 10$ cells were almost fivefold lower than normal values, Spleens of
irradiated foetal beagles contained a marked increase in all hatmopoietic
progenitor cells (BFU-E, CFU-E, and GM-CFC) and recognizable proliferative
igrarulocytic cells and nucleated ervthroid cells. Ihe haemopoietic activity of the
irradiated bone marrow during days 42-44 was similar to that of the irradiated

* - . spleen, and compensated for the damaged liver. However, unlike the irradiated
spleen, the irradiated bone marrow had decreased BFU-E activity compared with
the values for the nonirradiated hone marrow during days 48-SS. Until day 50,
the irradiated marrow contained fewer recognizable proliferative granulocytic
cells but more nucleated erythroid cells,

Indexit erms: foetal haioo t, watle, irradiation,

1. Introduction
*Neurological und skioletal kiitonnulities in prenatally irradiated juvefileqi and

young adults htpvc been documented in animal madel exp~erimnentation (Hrent 1971.
Rhti 1971. Sikov andi Mulilun 1969), human epidemiologic reports (Gatulden and
Murry 1980, National Council on 1tudiution Protection and Measurements 1977,
Upton 1970)) and account4 of Hliroshima and Nagasaki utomic bonib survivors
(Committee for tile Compilation of Matcrials on D~amage Caused by the Atomic

information, there is a pronounced dichotomy in the literature concerning the lower
it.-idence of mycloprolife rat ive anonmalies following in uh'ro or lprveotiception
vxpiLurv to LliIgllostic X-rays Und thec higher incidencC followit'r! thu aU1011t:
bomibings of Iliroshitna and Nagasaki (Oppenhiim rt al. 1974).
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Our laboratory has established two animal models to investigate the long-lasting
myeloproliferative effects of in utero irradiation during mid-gestation. The haemo-
poietic perturbations in B6D2FI mice exposed during mid-gestation (day 10"5) to

*various doses of gamma radiation (0"5-3.0 Gy 60 Co, 0'4 Gy/min) have recently been
reported (Weinberg 1983, Weinberg and MacVittie 1982, Weinberg et al. 1981).
These prenatally irradiated mice were studied at four selected ages: (a) foetus at day
14.5 of gestation, (b) 9-day-old neonate, (c) 15-day-old juvenile, and (d) 13-week-old
young adult.

The dog was used in the second model because of its larger size and the
abundance of information already available on normal haematopathology (Andersen
and Good 1970). Data was collected from the foetuses and from the pregnant animal
throughout the study.

This paper delineates foetal beagle haematocytopoiesis during the third trimester
of gestation (days 42-59) after in utero exposure to 0.9Gy "°Co (dose rate of
04 Gy/min) during mid-gestation, day 33 (equivalent to day 10"5 in mouse foetal
development). Differences between irradiated and nonirradiated groups included
(a) fluctuations in peripheral blood total nucleated counts, (b) changes in spleen size
and haemocytopoietic activity, (c) decreased liver erythrocytopoiesis, and
(d) increased bone marrow haemocytopoietic activity.

2. Materials and methods
Pregnant beagles with confirmed dates of conception were obtained from

Ilazelton Research Animals (Cumberland, VA) and the Springville Laboratory of
Rosvell Park Memorial Institute (Buffalo, NY). Dogs were housed individually in
stainless-steel cages in temperature-controlled rooms with a 12-hour light-dark
cycle. They were fed a diet of kibbled laboratory dog food (Respond 1600, Country
Food Division of Agwry Inc., Syracuse, New York) and water ad libitum,
supplemented once a week with a high-protein canned-meat ration. All dogs
received continuous attention from the staff of the Institute's Veterinary
Department,

. Dog phantoms were used to obtain dosimetry data in determining the midline
hod y dose of 0,9 Gy to the pregnant dog, At 33 days of preglnancy (gestation period of
beagle is about 60 days), dogs were placed in a plastic holding cage. 'r!bey received a
midline radiation exposure of 0,9G(y from bilaterally positioned +"Co elements
containing 518 ll,, (140 000 Ci), at a dose rate of 0'4 (y/min. This dose has been
found to have significant effects on the pregnant dog haetnopoiesis (Weinbe-rg et al.
1983). Nonirradiated foetal beagles served as the control group.

A\t selected ages of gestatin (days 42 55), pregnant dogs were anaesthetized with
SStritlA (thiamylal sodium from Parke Davis, l)etroit, M) and eaintained during

surgery % ith htalwhane osygen-nitrous oxide. A ventral midline incision was made
oII each occasion., and one horn of the tierus with foetal pups was renmoved, Each dog
k; 1id1low.\ed to recover from surgery for at least 5 days before the removal of the other
horn of uterus with the remainder of the pups frot the litter. Each pup was dissected
fre from maternal connective Tissues. [he umbilical cord was clamped and

. immediately ligated, Fach foetal pup %%as washed in a sterile physiologic saline
soltiol and then swabbed with 70) per cent ethanol. Samples of heparinived blood
'\ere obtained by cardiac puncture for study of Itunbra of total nucleated cell counts
per inn ,

10,
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The spleen, a section of liver, both femora, tibiae, and humeri were removed
from each pup and washed twice in cold sterile saline. The liver and spleen were
minced into small pieces in Supplemented Alpha Medium (SAM) + 2 per cent foetal
calf serum (FCS) (Weinberg et al. 1981). With the aid of a 5 ml pipette and gentle
aspiration, a single-cell suspension was prepared of each tissue pooled from the pups.
Similarly, the marrow of pups was flushed out of the long bones with SAM + 2 per
cent FCS and pooled. A single-cell suspension was prepared by gentle aspiration
through a 23-gauge needle fitted onto a 3 c.c. hypodermic syringe.

Cytospin smears prepared for each tissue cell suspension were stained with
benzidine and counterstained with Wright's-Giemsa blood stain solutions for
evaluation of the different haemopoietic cellular elements.

Nonirradiated and irradiated foetal bone marrow, spleen, and liver cells were
cultured (2-5 x 10' nucleated cells of each tissue per ml were plated) in soft agar
cultures (MacVittie and Walker 1978, 1980) with 15 per cent (v/v) plasma from
endotoxin-stimulated dogs, which served as the 'source of colony-stimulating
activity (CSA). After 10 days of incubation, colonies of 50 cells or more were counted
and considered to be derived from the granulocyte-macrophage colony-forming cell,
GM-CFC. Microplasma clot cultures were established (Weinberg et al. 1981) with
anaemic sheep plasma (Step I II, Connaught Labs, Swiftwater, PA, lot no. 3023-3,
6-7 units per mg protein) as the source of erythropoietin (EPO). Cultures (2-5 x 104
nucleated liver or spleen cells per 01 ml, 5.0 x 104 nucleated marrow cells per 0.1 ml)

S with 0"05 units EPO per 0-1 ml were harvested after 72 hours of incubation for the
erythroid colony-forming unit (CFU-E). Colonies of eight or more benzidene-
stained positive cells were counted as representing the more mature erythroid
progenitor cell, CFU-E. Clots plated with 0"3 units EPO per 0-1 ml were harvested
at 9 days of culture for the erythroid burst-forming unit (BFU.E). Clusters of
benzidine-stained positive cells or large colonies with more than 50 benzidine-
stained positive cells were counted as the younger erythroid progenitor cell, BFU-E.

At least three pups were used for each day of gestation studied (days 42, 43, 44,
47, 48, 49, 50, 52, 53, 54, and 55) and each time point studied was repeated at least
two times.

3. Results
3.1. Peripheral blood

Poetal peripheral blood nucleated cell counts are shown in figure 1. Day-43
(10 days after irradiation) irradiated foetal blood cell counts were 33 lx-r cent lower
than normal counts. These values remained lower than those of iormal until day 49,
at which time count increased above normal values and continued to be higher
throughout the duration of the study (to day 55 of gestation).

3.2. Iarispoirtic progenitor cells
32I, Erythroid burst-fisrming unit

The normal canine foetal liver was the primary site of erythrocytic activity thring
tle early stages of g.tation and continued as the predoninant contributor of lIFU-E
until day 46, when there was a change in the erythrocytic locus to the foetal spleen.
Irradiated foetual liver values were dramatically affected by irradiation on day 33
(table I). flay-42 irradiated liver CFU-E were signiticantly lower (p<0-005) than
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Figure 1. Foetal beagle peripheral blood total nucleated cell counts per mm 3.Each point at a
given time represents the mean ± SEM of normal and irradiated foetal beagles
(irradiated on day 33 of gestation).

q Liver Spleen Bone marrow
L

Age Normal Irradiated Normal Irradiated Normal Irradiated

'Days 42-44
(19:10) 296 6,70 9-5 19-8' 1.5 5-3*

Days 48-50
(18: 17) 7.8 13-5 23-0 280 6'1 46 --

Days 52-55
(16:7) 116 2-3 270 690* 18"S 12-4*

SSt iuticullv siunificant diterence (p< 0-05).

Tahle 1. Lrvtlhroid burst-forming unit (BI.E) values in (oetal beagle tissues, Values are
expressed as mean iMF.E per 101 v elils, Numbers in parentheses are the numtbers of
pups studied during each gestation period investigated (normal pups: irradiated pups),

nOrmal, hut within normal runjge by day 48, Irradiated spleen FUF.- were above
normal throughout the study (days 12-44 and days 52-55, p<0-0S). Normal brene
marrow erythropoietic activity was evident at day 42. Subsequent maturation of
Imth groups of bone marrow accounted for a secondary contrihutor of BFLI-E
during days SO 55. Commencing with day 42, brne marrow data reflected the stme
cstent of radilon injury as tie foetal liver and the foetal sple (days 42 44 and days
52 55. p<0O5).

3.2.2, l'rythroid evlnny-fnrming unit
On hoth tionirradiated and irradiated foetuses, the more mature crythroid

p~rolleior cell (C'FtU.t) ppeared to follow a sequence f icidence similar o that of

its precursor cell (table 2). The nonirradiated foietal liver contained the highest
concentration of ClF.-IE from days 42- 50. At this time, the foetul liver vxjwrieniced a
precipitous decline in C(tU-E activity, and was replaced by the foetal spleent as the
primary erythrcytopoietic locus. The decrease on days 42 46 in irradiated liver
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Liver Spleen Bone marrow

Age Normal Irradiated Normal Irradiated Normal Irradiated

Days 42-44
(19:10) 882 1390 76 81 20 700

Days 48-50
(18:17) 270 249 135 192 110 81

Days 52-55
(16:7) 97 80 330 6510 69 1620

Statistically significant difference (p <0OM).

Table 2. Erythroid colony-forming unit (CFU-E) values in foetal beagle tissues. Values are
expressed as mean CFU-E per 10' cells. Numbers in parentheses are the numbers of
pups studied during each gestation period investigated (normal pups: irradiated pups).

BFU-E (table 1) following exposure on day 33 resulted in a significant reduction of
liver CFU-E (days 42-44, p < 0-02) during the course of the study. Related to BFU-E
per 103 cells during foetal development (days 42-55), normal foetal marrow CFU-E

per 10' cells was considerably less than values of foetal liver or foetal spleen,
Mid-gestation irradiation resulted in elevated spleen CFU-E activity and marrow
(7FU-E activity (table 2).

3.2.3. Granulocyle-macrophage colony-forming cell
The presence of considerable numbers of (GM-CFC per 103 nucleated cells

cultured was detected in the normal foetal bone murrow, spleen, and liver at day 42 of
gtestation (table 3). Thereafter the bone marrow persisted as the predominant site of
granulocytic progenitor cell production, while activity in the foetal liver and spleen
gradually declined. Nlid-gestation irradiation had the most pronounced effect on
liver GMI-CFC activity (table 3) 1Irradiated liver values by day 52 were 65 per cent
lower (P<0'05) than those for nonirrudiated foetuses. Hoth irradiated spleen and

Liver spletn Unne marrow

Age Normal Irradiated Normal Irradiated Nuoml Irrudiated

Dlays 42 44
(19: 10) 37 25 76 111) 111 (63

lMays 48 50
(lI: 17) 24 3' 57 124' 127 291'

D~ays 52-5
4 1 ( 7) !6 q' 77 73 230 1336

*,le 3. t(ralultucvm a icrophage coltmy-formm,.z cell ((MC~)values in foemal brilgle
tissus. Valkles are vxproessed iis mean (I&Cper IW cells. Numlwtg in Inkretcwc?
are the nunilwrg of pupis %tudied during vach gestation period iiwevitigated (normal
puliii irradiated pup*).
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bone marrow exhibited increased GM-CFC production during days 42-.50
(i.e., > 46 per cent increase for days 42-44 and >I117 per cent increase for days
48-50, p <0-02).

* 3.2.4. Cellular morphology
The haemopoietic cellular differential distributions of nonirradiated and

irradiated foetal liver, spleen, and bone marrow during days 42-55 of foetal gestation
are shown in tables 4, 5, and 6, respectively, The highest percentage of nucleated
erythroid ceils was observed in the normal foetal liver (table 4). Mid-gestation
irradiation resulted in slightly fewer foetal liver nucleated erythroid cells during days
44-48 than normal, reflecting the decrease in BFU-E and CFU-E activity noted

* above. Normal foetal spleen appeared to be a secondary source of nucleated
erythroid cells during haemnatopoietic development (table 5). The per cent nucleated
erythroid elements of irradiated spleens were increased above normal values (days
44-50), similar to the increases observed with irradiated spleen BFU-E and CFU-E
data.

Granulocytic cellular elements were most prominent in the normal foetal marrow
on day 42, and continued throughout the third trimester of gestation (table 6).
Proliferative and mature granulocytic cells were less prominent in the normal foetal
liver and foetal spleen. The outstanding decrease in irradiated marrow grmnulocytic

* cells (table 6) appears to be at the expense of nucleated erythroid cells. Lymphocytes
were equally evident in the normal foetal spleen and foetal bone marrow, but they
were relatively few in the foctul liver.

3.2.5. Spleen ellularity
-- Seven days after irradiation (day 40 of gestation), foetal spleen cellularity was

76-8 per cent higher than normal values (figure 2). Thereafter (days 46-.SS) all
irradiated values were within normal range.

Giranulocyte
Nucleated

AProlfrativet 4%taruret crywliroid Lymphocytes

Age Normal lrrndiatcd§ Nortual Irradiated Noroal Irradiated Nortial Irradiated

Do'y 42 it0 510 800
lDsy 44 0.0l 2; 1 -0 3.1 t90 8017 9.0 14
lDav 4s, 1A) 1.4 210 6,4 82- 71)7 1010) 0

l).v $4) 1.0 0.5 It) 3.4 87.0 92.2 101) 3,4
Da%~ ; 4-1) 4 1* 74-0 12.0
I )a% 54 210 13 17-) 8.5 65-0 64 4-o 1 21
04% "S 0.7 4'0 6311 15.5

- z octal laul'i '%iere irroditited #of uirrvu mt day 33 of aeottau.

Table 4. IDiff-.rcniial dIwlrhution (cit cell% rIII a li*al (ntival live'r. Values ar'

Initsi reprepetitg m Irai to a groupt oflitili. I letccsi fromn I k) pr cent arv unadl ul
hy. p a ,ttcels, nta r .a&and iuctcw sr
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Granulocyte
Nucleated

Proliferativet Maturet erythroid Lymphocytes

Age Normal Irradiated§ Normal Irradiated Normal Irradiated Normal Irradiated

Day 42 2.0 0.0 38.0 59.0
Day 44 26.0 11.6 9"0 11'2 27.0 39'0 36.0 33"4
IDay 48 14.0 20.7 3.0 3.6 32.5 39-5 49,5 51.4
Day 49 5"0 3.5 40-0 46.0
Day 50 4-0 6-5 2"0 56 33'0 40"2 58"0 47-6
Day 52 015 0"5 51'0 45'S
Day 54 0.0 2-8 7'0 48 44.0 43"3 47"0 44-3
Day 55 5"3 1'7 227 62"7

t Proliferative granulocytic cells include myeloblast, promyelocyte, and myelocyte.
t Mature granulocytic cells include metamyelocyte and mature granulocyte.
§ Foetal beagles werc irradiated in utero on day 33 of gestation.

Table 5. Differential distribution of haemopoietic cells in beagle foetal spleen. Values are
expressed as mean percent for pooled foetal spleen cells on cytospin smears. Each time point
represents at leasL two groups of pups. Differences from 100% are made up by plasma cells.
mgakaryocytea and monocytes.

!

Granulocyte
Nucleated

Proliferativet Mature erythroid Lymphocytes

Age Normal Irradiated§ Normal Irradiated Normal Irradiated Normal Irradiated

Day 42 14-0 25-0 6-0 511
l)ay 44 43-0 7-3 380 s5s'8 310 16'3 1010 17,2
lDay 48 250 1'6 455 38 4'7 16.6 2840 33,S
Dany 49 3.0 21,0 7,0 68-0
Day 50 1&,0 7,2 23,0 18 1)0 8718 5640 57'3
Day 52 164 24,3 913 477
D)ay $4 I'0 14-1 1 W 31'9 21.0 9-S $80 4S-9
Day 55 233 7,7 530

1ftiplhttraltk C, grfalktIyi% cls nclude |nydobla~t. prmytcyte, and nivluw.tv,
:10tufr ittrllt w . -4 ti 11 include oneai'yeytc and tlatutrc granulocyl.,
41l"tal 1wal ¢\,,ere krradiatrd im ur.t - day 33 o ftaton.

1,4blV 1. l)ifcrefltl dntlribulloll of liadei -'Nietic celh if% th beagle ll-cetal bhone mnrr., valuek
art vCSlpit d a% mcin 1wrcent ftr o okcd (octal hone ilarr.w cells on Vylqsll otear. Eavl
ImIt ptint rprt enit ri least t o fr~oups of pups., )ilt'ernces ftom low,. are made up by
plasna mill. megll% eoyte, arld lonocylte,

4. Discussion
lis p;aper preCillt, all Overview of live development (if hlod cell produc ion o

the normal and irradiated (mid-gestation ml day 33) lwagle foctus during lhe last
trimes-ter of gestation (dayu 42 55). I is in ts phase of gestationi that the caniww
fwlus is rapidly growtim and the ha'itiopictic orgai arce developing their rules in
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* 10'

I z
1 (40-45) (46-50) 151-55) (5640)

Geaton Thw

Fitr .Spleeni cllularity of normal (days 40-1) and irradiated (days 40-55) foetal
Imgles (irradiated on day 33 of gestation). Each point represents the mean j SENI value.

q the: regulation of the adult haematopoietic system. I" vitro clonogenic assays and
morphological examnination of cell suspensions from the foetul blood cell-forming
tissues revealed the sequemwe of development of granulocytopoicsis and erythro-
v. topoiesis lin the normal and irradiated foetal beagles.

Nothilurl' etal. (1981) recently reported data that concur with ours, that the bone
marrow is the predominant site for pranulocytopoiesis during the third stage of foetal
development and that the spleen accounts for myelopoictic activity, but to a less er
degree, lhowever, their studies with six different fuetal beagle tissues monitored ontly
the rnloy-crpaeprogenitor cell,

I rradiation (if the foctal beagle in utero at idgstinresulted in profoutid
chtanges in fovta) liver tand spleen hanauyp iess.hem"Opoictic progenitor cell
protduction (llFU.1L, CYT-R, and (.'I-CIT) in the irradiated foetal liver was
reduk;Ci, 'The irradiated foetal spiveti appeared to coropetwate for the reduced

httutn dlay 401 and 45, (bt) art increase in spleen IIFVE,(1 ., and GMl-CI'C
prodtionot. aod (C) Anl increase in nucleated et'ythroid cells. SimilArly, irradiated
hone narrOk% VtryIhriCvtOPOietiC ald graul0CytopoiCtiV WciVity itteretsed t0 above
normIAl value,,,

'"lV oblserved perturhations in teripheral blooid cell countst, liver, spleen. anid
Nine mlarrou anoyooei activity, may 1w a result of radiation damage to the

ntir&.ingtM 6cll during the staue of active oraoetss(day 33) (jo1109oi an~d
Moore 1975. Nctcalf artd Moore 1971, Y'nftey 1971l), or they may he due to random
vell drimage thtat 1% of a suticient dvgree throughout the blood cell-formning tissueo to
result in defevits in ell-to-i'zll interactiotis in the devellpitt liaeinattmpictie

mtronvrinitettsregulating leruytpis (Mole I 982).
Sittzl et td, (1981) have recently described the higher incidence of ttielopro-

lifeatie dsorersin dog% tlhat liad beenCI irradiated in weraV. Itowcverter sud
difrt from our% hevause thteir doigs %vere continuously cxposod to "1'o (II 11 per day)
beginninga at day 2 1 of 1gestationi. and ours received a, single expoure of 0-9 Gy 60c"

* at 0-4(;v nin.



Foetal beagle haemopoiesis 375

The data accumulated on the incidence of myeloproliferative malignancies
(i.e., frequency and age of onset of leukaemia) after the bombings of Hiroshima and
Nagasaki (Anderson and Yamamoto 1970, Committee for the Compilation of
Materials on Damage Caused by the Atomic Bombs in Hiroshima and Nagasaki
1981, Mole 1982) contradict the avaiiable information from clinical centres that treat
pregnant women with radiation therapy (Oppenheim et al. 1974), where the
incidences are low. The data presented in this paper adds further evidence that
myeloproliferative perturbations do occur in the beagle foetus during the third
trimester of development following a single exposure at mid-gestation to 0"9 Gy
gamma irradiation.
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